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Abstract 

Problems to be solved 

In the prior art, gradation can be realized only on the surface of the greenware of a 
ceramic article, and colors with depth cannot be realized. Consequently, there is no way to obtain 
products with a higher commercial value. 
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Constitution 

In the method of manufacturing ceramic articles, a colorant solution is impregnated into 
the greenware or bisque of a ceramic article for coloring, followed by firing; after the colorant 
solution has impregnated said ceramic article, a portion of the colorant solution is eluted, or a 
portion of the colorant solution is diluted, or another colorant solution is further impregnated, 
followed by firing of the ceramic article. 

Claims 

1. A method of manufacturing ceramic articles characterized by impregnating the 
greenware or bisque of the ceramic article with a colorant solution, followed by firing for 
coloring; after the colorant solution has impregnated said ceramic article, a portion of the 
colorant solution is eluted, followed by firing of the ceramic article. 

2. The method of manufacturing ceramic articles described in Claim 1 characterized by 
the fact that by placing the area impregnated with said colorant solution in a liquid, a portion of 
said colorant solution is eluted. 

3. The method of manufacturing ceramic articles described in Claim 1 characterized by 
the fact that the area impregnated with said colorant solution is brought in contact with a water 
absorptive substance, and a portion of said colorant solution is eluted. 

4. A method of manufacturing ceramic articles characterized by impregnating the 
greenware or bisque of the ceramic article with a colorant solution, followed by firing for 
coloring; after the colorant solution has impregnated said ceramic article, a portion of the 
colorant solution is diluted, followed by firing of the ceramic article. 

5. The method of manufacturing ceramic articles described in Claim 4 characterized by 
the fact that the colorant in said colorant solution is segregated in a specific direction so that a 
portion of the colorant solution is diluted. 

6. The method of manufacturing ceramic articles described in Claim 5 characterized by 
the fact that said ceramic article is positioned in a specific orientation so that the colorant in said 
colorant solution segregates in a specific direction. 

7. A method of manufacturing ceramic articles characterized by impregnating the 
greenware or bisque of the ceramic article with a colorant solution, followed by firing for 
coloring; after the colorant solution has impregnated said ceramic article, another colorant 
solution is impregnated, followed by firing of the ceramic article. 
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Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a method of manufacturing ceramic articles using a 
colorant solution. Especially, the present invention pertains to a method of manufacturing 
ceramic articles with a gradation of color(s) formed on the periphery. 

[0002] 
Prior art 

The prior art uses the following methods to form a gradation of colored portions on the 
periphery of ceramic products; in one method, lower portions are painted by applying a color 
pattern on the greenware of a ceramic article before firing, and, in another method, upper 
portions are painted by applying a color pattern on the fired greenware or glaze. In both methods, 
a heat-resistant pigment (powder) is coated on the surface of the greenware, followed by firing to 
form the desired color pattern. 

[0003] 

In the case of the method of painting the lower portions, usually, gradation is formed by 
blowing the pigment dispersed in water in atomized form. On the other hand, in the case of the 
method of painting upper portions, an air brush or the like is used to blow the coating material 
with its concentration adjusted appropriately in order to form the desired gradation. 

[0004] 

Recently, with expansion of the application field of porcelain art products, decorative 
products, etc., it has been proposed to make the products using ceramics. Porcelain art products 
and decorative products prepared using ceramics have the high strength and high hardness 
characteristic of ceramics, so that they have high resistance against impacts and scratches. 
Consequently, the attractive appearance when the product is manufactured (initial attractive 
appearance) can be maintained over a long time. As a result, the value increases. 

[0005] 

Although ceramic articles are usually opaque, ceramic articles made of alumina transmit 
light. The light-transmissive alumina displays a white or ivory color. As light rays travel through 
it, they diffuse well. Consequently, the transmitted light gives a bright, attractive appearance. It 
has been attempted to paint upper portions to decorate the surface of the ceramic articles made of 
said light-transmissive alumina. 
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[0006] 

Problems to be solved by the invention 

However, even when gradation is formed on a ceramic article by painting lower or upper 
portions as in the prior art, the gradation is still only on the surface of the greenware, while 
gradation in the depth direction cannot be realized. This is undesired. Consequently, a deep, soft 
brightness of transmitted light cannot be obtained with light-transmissive alumina, and the 
products cannot have a high commercial value. This is undesirable. 

[0007] 

The objective of the present invention is to solve the aforementioned problems of the 
prior art by providing a method of manufacturing ceramic articles characterized by the fact that it 
can form a gradation of dark and light colors or different hues with a natural appearance of 
depth. 

[0008] 

Means to solve the problems 

In order to realize the aforementioned objective, Claim 1 of the present patent application 
provides a method of manufacturing ceramic articles characterized by impregnating the 
greenware or bisque of the ceramic article with a colorant solution, followed by firing for 
coloring; after the colorant solution has impregnated said ceramic article, a portion of the 
colorant solution is eluted, followed by firing of the ceramic article. 

[0009] 

Claim 4 of the present patent application provides a method of manufacturing ceramic 
articles characterized by impregnating the greenware or bisque of the ceramic article with a 
colorant solution, followed by firing for coloring; after the colorant solution has impregnated 
said ceramic article, a portion of the colorant solution is diluted, followed by firing of the 
ceramic article. 

[0010] 

Also, Claim 7 of the present patent application provides a method of manufacturing 
ceramic articles characterized by impregnating the greenware or bisque of the ceramic article 
with a colorant solution, followed by firing for coloring; after the colorant solution has 
impregnated said ceramic article, another colorant solution is impregnated, followed by firing of 
the ceramic article. 
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[0011] 

Embodiments of the invention 

In the following, an explanation will be given regarding the embodiment pertaining to 
Claim 1 of the present patent application. The ceramic article described in Claim 1 is made of an 
alumina (A1 2 0 3 ) ceramic, zirconia (Zr0 2 ) ceramic, forsterite (2MgOSi0 2 ) ceramic, etc. 

[0012] 

For example, the greenware of the ceramic article may be prepared by adding 0.5-1 part 
of a dispersant, 2-5 parts of a binder, and 25-30 parts of pure water to 100 parts of high-purity 
alumina, followed by blending of the mixture in a ball mill and then vacuum defoaming and case 
molding. 

[0013] 

The bisque phase of the ceramic article is formed by drying greenware, followed by 
slowly heating to near 500°C for removal of the binder, and then heating at 900-1000°C. The 
bisque material of the ceramic article is a porous material as compared with the fired ceramic 
article. 

[0014] 

Then, the greenware or bisque of the ceramic article is impregnated with a colorant 
solution. As the greenware or bisque of the ceramic article is impregnated with the colorant 
solution, the surface of the ceramic article is coated with a colorant solution by means of a brush 
or the like, or the greenware or bisque of the ceramic article is placed in the colorant solution. 

[0015] 

The preferable colorants include the following metal salts that maintain stability when 
dissolved in water: chromium nitrate (Cr(N03) 2 *9H 2 0), cobalt nitrate (Co(N0 3 ) 2 »6H 2 0), nickel 
nitrate (Ni(N0 3 ) 2 «6H 2 0), manganese nitrate (Mn(N03> 2 »nH 2 9)(n = 4-6), copper nitrate 
((CH3COO) 2 # Cu»H 2 0), etc. Among them, chromium nitrate fires to a pink to red to vermillion 
color; cobalt nitrate fires to a light blue to prussian blue color; nickel nitrate fires to a gray to 
blue color in a vacuum furnace, and it fires to a yellowish green to dark green color in a gas 
furnace; manganese nitrate fires to a pink color in a vacuum furnace, and it fires to an orange 
color in a gas furnace; and copper nitrate fires to a metallic gray color in a vacuum furnace, and 
it fires to a dark gray color in a gas furnace. 



6 



[0016] 

Said colorant is dissolved in pure water, ethyl alcohol, methyl alcohol, or other solvent to 
form the colorant solution. 

[0017] 

The colorant solution is coated by a brush or the like on the greenware surface of the 
porous greenware or bisque of the ceramic article, or the greenware or bisque of the ceramic 
article is placed in the colorant solution. As a result, the colorant solution penetrates into the 
porous greenware or bisque of the ceramic article with nearly uniform concentration. 

[0018] 

Then, a portion of the colorant solution that has penetrated the greenware or bisque of the 
ceramic article is eluted. In order to elute a portion of the colorant solution that has penetrated 
the greenware or bisque of the ceramic article, the area impregnated with colorant solution may 
be placed in water, alcohol, diluted colorant solution or other liquid, or the area impregnated with 
colorant solution may be brought in contact with a water absorptive material to pull out the 
colorant solution. In this way, a portion of the colorant solution impregnated in the greenware or 
bisque of the ceramic article is eluted. Consequently, the concentration of colorant solution 
decreases in the area where the colorant solution is eluted. 

[0019] 

Then, after a portion of the colorant solution has been eluted, the greenware or bisque of 
the ceramic article is dried and then fired at 1350-1 800 °C. The area of the ceramic article 
impregnated with the colorant solution develops the intrinsic color of the colorant, and a 
gradation of the intrinsic color of the colorant is formed in the area where the colorant solution 
has been eluted. 

[0020] 

In the following, an explanation will be given regarding the embodiment of the invention 
pertaining to Claim 4. The method of manufacturing ceramic articles described in Claim 4 is 
similar to that described in Claim 1, except that described in Claim 4, after the colorant solution 
has impregnated the greenware or bisque of the ceramic article, a portion of the colorant solution 
is diluted to form gradation. In order to dilute a portion of the colorant solution, for example, a 
liquid different from the colorant solution, such as water, is coated on the area where the colorant 
solution has been impregnated, or the ceramic article impregnated with colorant solution is 
positioned in a specific orientation for a specific time, or centrifugal force in a specific direction 
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is applied to segregate the colorant in the colorant solution in a specific direction. In this way, a 
portion of the colorant solution is diluted. 

[0021] 

After a portion of the colorant solution is diluted, the greenware or bisque of the ceramic 
article is dried, followed by firing at 1350-1 800°C. As a result, for the area impregnated with 
colorant solution, the intrinsic color of the colorant is displayed, and, in the area where the 
colorant solution is partially diluted, a gradation of the intrinsic color of the colorant is formed. 

[0022] 

In the following, an explanation will be given regarding the embodiment of the invention 
pertaining to Claim 7. The method of manufacturing the ceramic articles described in Claim 7 is 
similar to that described in Claim 4, except that described in Claim 7, after the colorant solution 
has impregnated the greenware or bisque of the ceramic article, another colorant solution is 
impregnated to form gradation. That is, the area impregnated with a colorant solution with a 
specific concentration is again impregnated with a colorant solution with a higher concentration 
or with a colorant solution prepared by dissolving a different type of colorant. 

[0023] 

After the greenware or bisque of the ceramic article impregnated with another colorant 
solution is dried, it is fired at 1350-1800°C, so that the area impregnated with the original 
colorant solution displays the intrinsic color of the colorant, and the area impregnated with the 
other colorant solution displays a mixed color. As a result, gradation is formed. 

[0024] 

Application examples 
Application Example 1 

5 g of cobalt nitrate hexahydrate (Co(N03)2*6H20) were dissolved in pure water to obtain 
100 g of colorant solution light red in color. Then, an alumina molding made of high-purity fine 
powder fired at 900°C was placed entirely in the colorant solution for coloring. Then, a portion 
of the composition was placed in pure water for several to tens of minutes to elute the colorant. 
Then, it was allowed to air-dry for 24 h, followed by baking at 1 100°C in an electric furnace. 
Then, the ceramic article was fired in a vacuum furnace at 1700°C, forming a blue alumina 
ceramic article with partial gradation. 
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[0025] 

A pplication Example 2 

5 g of chromium nitrate nonahydrate (Cr(N0 3 ) 2 # 9H 2 0) were dissolved in pure water to 
form 100 g of colorant solution dark green in color. The colorant solution was impregnated in a 
bisque prepared by firing an alumina mold made of high-purity fine powder at 900°C. Then, the 
area impregnated with the colorant solution was brought in contact with a water-absorptive paper 
sheet wetted with pure water for air-drying. Then, it was baked at 1 100°C in an electric fumace. 
Then, it was fired in a vacuum furnace at 1750°C to form an alumina ceramic article with a pink 
to red gradation. The ceramic article was fired again in a gas oven at 1650°C, forming an 
alumina ceramic article with an ivory to red gradation. 

[0026] 

Application Example 3 

8 g of nickel nitrate hexahydrate ((Ni(N03)2 # 6H20) were dissolved in ethyl alcohol to 
form 100 mL of colorant solution light green in color. The obtained colorant solution was 
impregnated in an alumina greenware made of high-purity fine powder. Then, ethanol was 
impregnated in a portion of the ceramic article to diffuse the pigment in that portion, followed by 
natural drying for 24 h and then baking at 1050°C in an electric furnace. It was fired in a vacuum 
fumace at 1700°C, forming an alumina ceramic article with a grayish-white to grayish-black 
gradation. Then, the article was fired again in the gas furnace at 1600°C, forming an alumina 
ceramic article with a yellowish-green to dark-green gradation. 

[0027] 

A pplication Example 4 

5 g of cobalt nitrate hexahydrate (Co(N03)2 # 6H 2 0) were dissolved in pure water to form 
100 g of colorant solution light red in color. The obtained colorant solution was impregnated in a 
portion of an alumina greenware made of high purity fine powder by baking at 900°C. Then, the 
article was positioned in a specific orientation for drying, followed by baking at 1 100°C in an 
electric furnace. It was fired in a vacuum fumace at 1700°C, forming a blue alumina ceramic 
article with an overall light gradation. 

[0028] 

Application Example 5 

3 g of manganese nitrate hydrate (Mn(N03)2 # nH20) were dissolved in pure water to form 
100 g of colorant solution light orange in color. The obtained colorant solution was impregnated 
in an alumina greenware made of high-purity fine powder by firing at 900°C. Then, a portion of 



9 



the colored bisque was placed for several minutes to tens of minutes in 100 g of colorant solution 
light orange in color prepared by dissolving 7 g of manganese nitrate hydrate (Mn(N03)2*nH20) 
in pure water, so as to substitute the colorant in the previously colored area, Then, it was allowed 
to air-dry for 24 h, followed by baking at 1050°C in an electric furnace. It was fired in a vacuum 
furnace at 1650°C, forming a pink alumina ceramic article with partial gradation. Then, the 
member was fired again in the gas furnace at 1600°C, forming an orange alumina ceramic article 
with partial gradation. 

[0029] 

Application Example 6 

7 g of nickel nitrate hexahydrate (Ni(N03>2 # 6H20) were dissolved in pure water to form 
100 mL of colorant solution light green in color. The colorant solution was impregnated in a 
bisque prepared by firing of an alumina molding made of high-purity fine powder at 900°C. 
Then, a portion of the colored bisque was brought in contact with a water-absorptive paper sheet 
wetted with a colorant solution prepared by dissolving 5 g of manganese nitrate hydrate 
(Mn(N03)2 # nH 2 0) in pure water to form a total quantity of 100 g. It was allowed to air-dry in 
this state, followed by baking at 1 100°C in an electric furnace. Then, it was fired in a vacuum 
furnace at 1700°C to form an alumina ceramic article with a gray to black gradation. The 
ceramic article was fired again in a gas oven at 1650°C, forming an alumina ceramic article with 
a pink to light bluish green gradation. 

[0030] 

Effects of the invention 

Claim I of the present patent application provides a method of manufacturing ceramic 
articles characterized by impregnating the greenware or bisque of the ceramic article with a 
colorant solution, followed by firing for coloring, and, after the colorant solution has 
impregnated said ceramic article, a portion of the colorant solution is eluted, followed by firing 
of the ceramic article. Consequently, the concentration of the colorant solution in the area where 
the colorant solution is eluted is lower than that of the remaining portion. As a result, after firing, 
a gradation pattern with a soft color intrinsic to the colorant can be formed. 

[0031] 

Claim 4 of the present patent application provides a method of manufacturing ceramic 
articles characterized by impregnating the greenware or bisque of the ceramic article with a 
colorant solution, followed by firing for coloring, and after the colorant solution has impregnated 
said ceramic article, a portion of the colorant solution is diluted, followed by firing of the 
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ceramic article. Consequently, the concentration of the colorant solution in the area where the 
colorant solution is diluted is lower than that of the remaining portion. As a result, after firing, a 
gradation pattern with a soft color intrinsic to the colorant can be formed. 

[0032] 

In addition, Claim 7 of the present patent application provides a method of manufacturing 
ceramic articles characterized by impregnating the greenware or bisque of the ceramic article 
with a colorant solution, followed by firing for coloring, and, after the colorant solution has 
impregnated said ceramic article, another colorant solution is impregnated, followed by firing of 
the ceramic article. Consequently, the concentration of the colorant solution in the portion where 
another colorant solution is impregnated is lower than that of the remaining portion, or the color 
of the mixture of colorant solutions is displayed. As a result, after firing, a gradation pattern with 
a soft color different from that of the remaining portion can be formed. 
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ffl$i-'/1r>i,6ffim (Ni (N0 3 ) , ■ 6H, O) 
7git«*Ki8J*U £fr«rl 0 0m 1 CUttR'Utt 

ft(Mn(N0 3 >, • nH, O) 5g£tt*TiSB¥ 
U 1 OOgfclfc^l^'fefcM-fS&tfcO 

ifihtmrnm^, mswi looxix-mifz. z 

tl&M$jPl 7 0 0-C?fla&£-£. Rfe~HfeW»A'U 

XZiPl 6 5 0X:-CS«)SL. ty?~f5t»feOB*» 

L<0* 4 T/l' $ -M: 5 S •/ 7 . 

[0030] 

[»BB<03»*] feiltoiofc:, if^9lK«*-t?S-y 
9 ffitam&mx-ii .t7Sy ?Sm^fi£»<*^ 

wzmx-it. smmvmmmftizmix 
?s< i>oxm+t>k%&mii<?>%t>fr^m 
iz^immm^ixi. 

[0031 ] i£. l9^4tCfSS-fe9S y^ai«^S!l 

0. ^xmL-tbt^^m^ht^mkzm^ 

[0032] $4>K. IS*«7t:^-b55 y^^ttO 
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